A simple, fast, sensitive and accurate spectrophotometric method has been developed for the quantitative determination of cephalexin monohydrate in dosage form and in commercial formulations. The method involves the addition of Ce IV to cephalexin in acidic medium, followed by the determination of residual Ce IV by reacting with a fixed amount of methyl orange, and the absorbance was measured at 510 nm. Beer's law was obeyed in the concentration range of 0.6-20 µg mL -1 with correlation coefficient of 0.992. The molar absorptivity was calculated and was found to be 9.8 × 10 4 L mol -1 cm -1
Introduction
Cephalexin (CPX), (7 R )-7-( D -α -amino-α -phenylacetamido)-3-methyl-3-cephem-4-carboxylic acid hydrate or (6R,7R)-7-{[(2R)-2-amino-2-phenylacetyl] amino}-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0] oct-2-ene-2 carboxylic acid hydrate ( Figure 1 ) is a first generation 1 semi-synthetic derivative of cephalosporin, which is a powerful tool against gram-positive and gramnegative bacteria.
It exhibits a broad spectrum of activities, which have the ability to weakly bond with blood protein, therefore, have no metabolites, low toxicity and rapid absorptivity. 2 It is a hydrosoluble, amphoteric compound, having isoelectric point of 4.3. 3 The drug is, therefore, widely used for the clinical chemotherapy like middle ear infections, strep throat, bone and joint infections, pneumonia, skin infections, and urinary tract infections. It may be used to prevent bacterial endocarditis, and is taken orally. It is not effective against methicillin-resistant Staphylococcus aureus. It may be used in those who have mild or moderate allergies to penicillin but is not recommended to those having severe allergies. It has no effect against viral infections. 4 Actually cephalosporins operate by inhibiting bacterial cell wall biosynthesis. 5 In the literature a large number of analytical methods have been proposed for the determination of cephalexin in pure form, in pharmaceutical preparations, and in biological fluids. But the problems with these methods are: they 27, No. 5, 2016 are expensive, time consuming and have environmental effect, mostly temperature dependence. These methods include chromatographic, 6-9 spectrofluorimetric, 10-12 atomic absorption, 13, 14 capillary electrophoresis 15 and flow injection analysis. 16, 17 However few spectrophotometric methods have been reported in the literature [18] [19] [20] [21] [22] for the determination of cephalexin and most reported methods involve multistep procedures, and have poor selectivity and sensitivities and narrow linear ranges. Spectrophotometry is considered as one of the most suitable analytical techniques for the analysis of pharmaceutical compounds, because of its low cost, simplicity, wide linear dynamic range and wide availability.
The present study is an effort of developing a simple, fast, inexpensive, accurate, sensitive and free of pronounced environmental effects method, which enable the determination of species of interest with a higher sensitivity and greater reproducibility. The method involves the addition of Ce IV to cephalexin in acidic medium, followed by the determination of residual Ce IV by reacting with a fixed amount of methyl orange and the absorbance was measured at 510 nm. The amount of Ce IV reacted corresponds to the amount of cephalexin and measured absorbance was found to increase linearly with the concentration of cephalexin.
Experimental

Materials and reagents
All reagents used were of analytical or of high grade purity and used without further purification. Distilled water was used throughout the work. ) was prepared fresh daily by diluting appropriate volume of the stock solution with distilled water.
Preparation of standard solution
A standard stock solution of cephalexin (100 µg mL -1 ) was prepared by dissolving 0.01 g of standard cephalexin in distilled water with heating (70 ºC) and diluted to 100 mL with the same solvent. Working solutions of required concentrations were prepared fresh daily before use from stock solution by dilution with distilled water.
Recommended procedures for preparation of analytical curve
An appropriate volume of cephalexin stock solution diluted to give final concentration of 0.6-20 µg mL -1 was added in a set of reaction flasks. 2.0 mL of 1.0 mol L -1 nitric acid was added followed by 1.5 mL of 2 × 10 -3 mol L -1 Ce IV . The contents of the flasks were set aside for 15 minutes with occasional shaking. Finally, 1.5 mL of 6 × 10 -4 mol L -1 methyl orange solution was added to each flask. The solutions were transferred to 10 mL volumetric flasks and the volume was adjusted up to the mark with distilled water. The absorbance of each solution was measured at 510 nm against the corresponding reagent blank.
Application to pharmaceutical preparations
The contents of three tablets of each sample, i.e., Ceporex (250 mg per capsule) and Nenflex (500 mg per capsule) were weighed separately to get the average weight of one capsule. Powder equivalent to 0.01 g (100 µg mL -1 ) of cephalexin were then dissolved in distilled water with heating (70 ºC). The resultant solutions were then filtered and diluted to 100 mL with distilled water. An appropriate volume of this solution was then diluted with distilled water to obtain a cephalexin concentration within the working range. Aliquots of these solutions were then analyzed using the procedure described for the preparation of analytical curve and actual cephalexin contents in samples were calculated using the calibration equation.
Results and Discussion
Ce IV has been used as an oxidizing agent in the determination of many pharmaceutical compounds by spectrophotometric 23, 24 and spectrofluorimetric 25-27 methods or by both of them 28, 29 and chemiluminescence. 30 The proposed method involves the addition of Ce IV to cephalexin in acidic medium, followed by the determination of residual Ce IV by reacting with a fixed amount of methyl orange, and the absorbance was measured at 510 nm ( Figure 2 ).
Optimization of reaction conditions
A series of experiments was conducted to establish the optimum experimental variables at which maximum and reproducible analytical results were achieved. The parameters optimized included the effect of acidity, Ce IV , dye and time.
Effect of Ce IV concentration
The influence of Ce IV on the color intensity of the reaction was studied. To find the optimum concentration of Ce Ce IV solution produced maximum colored formation.
Effect of acid type and concentration
The oxidation reaction was carried out in acidic medium to avoid the precipitation of hydrated ceric oxide CeO 2 .H 2 O. Different acids such as H 2 SO 4 , HCl and HNO 3 were tried to determine the most suitable acid for optimum reaction development. Maximum absorbance was obtained by using 1.0 mol L -1 HNO 3 ( Figure 4 ).
Effect of dye concentration
The effect of dye concentration on the intensity of color developed was tested using different concentration of dye. To find the optimum concentration of methyl orange, the effect of methyl orange concentration was studied in the range 3-8 × 10 -4 mol L -1
. Maximum colored formation was observed with 6 × 10 -4 mol L -1 of methyl orange ( Figure 5 ). The effect of volume of methyl orange solution was also investigated and 1.5 mL of 6 × 10 -4 mol L -1 of methyl orange solution give maximum absorbance.
Effect of time and temperature
The reaction between cephalexin and Ce IV in the presence of HNO 3 was completed after 10 min of mixing, but 15 min was sufficient to get maximum absorbance. The absorbance for minimum and maximum times is 0.537 and 0.753, respectively. The effect of temperature was ), diluted to 10 mL, λ max 510 nm. Vol. 27, No. 5, 2016 studied in the range of 25-70 o C. Raising the temperature does not accelerate the oxidation process and does not give reproducible results, so the reaction was carried out at room temperature. The color produced from the reaction between the remaining unreacted Ce IV and methyl orange develops immediately.
Stability of the complex
The stability of the complex was investigated by measuring absorbance regularly for up to 60 minutes. It was observed that no change in absorbance occurred. Thus the complex formed is stable and will not affect the results of analysis even if the absorbance is measured after 1 hour of dilution ( Figure 6 ).
Analytical figures of merit
Under the optimum experimental conditions of the proposed method, a linear correlation was found between absorbance and cephalexin concentration. Beer's law was obeyed in the concentration range of 0.6 -20 µg mL -1 with a strong correlation coefficient of 0.992 ( Figure 7 ). The limit of detection (LOD) was calculated by using the minimum level of concentration at which cephalexin can be detected reliably (3.3 × standard deviation, SD) using nine replicates determination and was found to be 0.221 µg mL -1 . The limit of quantification (LOQ) was similarly calculated by using the lowest concentration of cephalexin that can be measured with satisfactory precision and accuracy (10 × SD) and was found to be 0.736 µg mL -1 . The optical characteristic such as the linear regression equation, intercept, slope, correlation coefficient, and relative standard deviation of the response factor are given in Table 1 . The molar absorptivity was calculated and was found to be 9.8 × 10
4 L mol -1 cm -1 . The sensitivity of the proposed method is compared with other reported methods in Table 2 , which shows that sensitivity of the present method is greater than those of previously reported methods. Only the spectroflurometric method has greater sensitivity than the present method due to its lower limit of detection but it has a narrow range as compared to the present method. ), diluted to 10 mL, λ max 510 nm. ), diluted to 10 mL, λ max 510 nm. 
Effect of interferences
The effects of interferences from the commonly used excipients such as sucrose, starch, glucose and fructose used in pharmaceutical preparations of cephalexin were investigated (Figure 8 ). Under the optimized experimental conditions, to a known amount of drug (cephalexin 0.6 µg mL -1 ), excipients in different concentration in the ratio of 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10 were added and investigated by the proposed method. A 5% error criterion was adopted. None of these common excipients was found to cause interferences at lower concentrations. But at higher concentration the sucrose and fructose was found to produce non-significant interferences.
Reliability of the method
The precision of the developed method was investigated by determining cephalexin in pure form and pharmaceuticals preparations using three different concentrations within the calibration curve range, in triplicate. Results are listed in Table 3 for the standard and in Table 4 for pharmaceutical preparations. The percent recoveries obtained ranged from 90.6 to 102.9% for the standard and 98.7 to 104.8% for pharmaceutical preparations with narrow relative standard deviations, indicating that proposed method has good reproducibility. The accuracy of the present method was investigated by standard addition method using two different brands of drugs Ciporex capsule (250 mg) and Nenflex capsule (500 mg). Certain amounts of standard cephalexin solution were added to tablet solutions and analyzed by the proposed method. Recoveries were calculated by comparing the results obtained before and after adding standard cephalexin solution, and percent recoveries ranged from 95.7 to 103.2% (Table 5) .
Applicability of the proposed method
The devised method was successfully applied to the determination of cephalexin in the two pharmaceutical preparations: Ciporex capsule (250 mg) and Nenflex capsule (500 mg). The results obtained were in close agreement with the label quantities (Table 6 ), which shows that the proposed method can be used to determine cephalexin quantities in pharmaceutical formulations.
Conclusions
A fast, simple, sensitive, selective and inexpensive spectrophotometric method was developed for quantification of cephalexin that is widely available in the market and manufactured by the indigenous units. The developed method was found to have a wider linear range and lower limits of detection and quantification than other reported methods. The method is rapid and less tedious than many reported spectrophotometric methods. The present method can be applied at ambient temperature; color development is instantaneous and does not require strict pH control or tedious liquid-liquid extraction step. The change in the acid was proven to be responsible for twice improvement in sensitivity. The method employs inexpensive and easily available chemicals and instrument. The color formed is highly stable leading to very precise results. These advantages make the method a valuable alternative to many existing methods for the determination of cephalexin levels in commercial tablet formulations with good recovery and excellent reproducibility. Finally, excipients commonly found in pharmaceutical preparations did not interfere with the analysis. 
